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▼We report here an alternative, simplified approach for the
selection of cDNAs encoded by YACs. This rapid method
involves hybridization of an entire population of non PCR-
amplified cDNA fragments to immobilized YAC DNA de-
rived from a miniprep procedure, followed by enriched re-
covery of selected cDNAs by PCR (Ref. 12).
Our experiments have documented that YAC DNA de-
rived from aminiprep procedure provides a better yield (i.e.
10 µg vs. 0.1 µg) of template DNA compared to the conven-
tional tedious method of purification of the specific band,
following pulsed-field gel electrophoresis, using agarase or
commercial kits. Furthermore, the average length of the
insert of the YAC DNA exceeds the current limitations of
amplification by PCR (Ref. 3). In the present approach we
have avoided (1) the use of various sets of competitor DNAs
in order to recover specific DNA clones with high yield and
(2) the necessity to amplify the cDNA library by PCR prior
to hybridization (Ref. 4).
Protocol
Mini-scale preparation of YAC DNA
The YAC clone (YAC 5) used in this study to evaluate
our approach for the rapid recovery of specific cDNA clones
was initially isolated from theWashington YAC library (Ref.
5) and represents part of a constructed contig containing
an insert of approximately 145 kb, derived from the 5q31
region of human chromosome 5 (A. Xagorari et al., un-
published data). The YAC DNA was prepared following a
miniprep procedure (Ref. 6). The YAC clone was propagated
overnight in a liquid culture using AHC medium [0.17%
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yeast nitrogen base w/o amino acids and w/o (NH4)2SO4,
0.5% (NH4)2SO4, 0.1% casein acid hydrolysates (low salt),
20 µg/ml adenine hemisulphate, 0.125% glucose]. The cells
derived from 1 ml volume, were resuspended in 100 µl
of Tris−EDTA (TE) buffer, containing 3% SDS, agitated
occasionally at room temperature for 15 min. This pro-
cedure uses 3% SDS for cell lysis, avoiding the genera-
tion of protoplasts (Ref. 6). The lysate was then diluted
in 0.5 ml TE buffer, pH 7.5. Deproteinization was carried
out by treatment with an equal volume of phenol equi-
librated with TE buffer, pH 7.5. The nucleic acid was re-
covered by isopropanol precipitation, diluted in 20 µl TE
buffer, pH 7.5, and treated with RNase A (DNase free) at
2 µg/µl for 1 h at 37◦C. This modified procedure resulted
in a yield of about 1 µg of DNA with a size larger than
30 kb.
YAC DNA immobilization and hybridization
A total of 1 µg of YAC DNA was then immobilized into
a Hybond N+ nylon membrane (Amersham) following the
manufacturer’s instructions. This step was completed by
UV-crosslinking using Stratalinker (Stratagene) for 2 min
and the filters were stored at 4◦C until used.
The filters were prehybridized at 65◦C in a 300 µl vol-
ume, containing 5X SSPE, 5X Denhardt’s solution, 0.5%
SDS, 1 mg/ml sheared placental DNA and 0.025 mg/ml
sheared total yeast DNA, under mineral oil for 20−24 h
(Ref. 7). The competitor DNAs (i.e. placental DNA, total
yeast DNA) had already been denatured at 98◦C for 2 min.
The filters were then rinsed with 5X SSPE and 0.1% SDS
and were hybridized for 36 h at 65◦C under mineral oil.
The hybridization was carried out using the same buffer
as in the prehybridization step and a pre-denatured cDNA
library. Specifically, for this study we used an aliquot corre-
sponding to 10 µg of total DNA of a normal bone marrow
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cDNA library (Ref. 8), designated HL1058b, constructed in
the cloning vector λgt11 (Stratagene).
Following hybridization, the filters were washed for two
5-min periods with 2X SSPE and 0.1% SDS at room temper-
ature and then for three 20-min periods at 65◦C, followed
by one 10-min period with 1X SSPE and 0.1% SDS and,
lastly, by two 20-min periods with 0.1X SSPE and 0.1% SDS
at 65◦C with 500 µl wash solution.
Amplification of cDNA clones by PCR
The filters were then used directly for PCR amplification
of the specific cDNA clones. Two sets of primers flanking
the EcoRI site of the λgt11 vector were used. The A set con-
sisted of primer A1 (5’ TTTGACACCAGACCAACTGG 3’)
and primer A2 (5’ GTGGCGACGACGACTCCTGGAGC 3’).
The B set consisted of primer B1 (5’ CTGGTAATGGTAGC-
GACC 3’) and primer B2 (5’ GACGACTCCTGGAGCCCG
3’). Initially, a PCR amplification round using the A set of
primers was performed. The resulting PCR products were
used as templates for a second PCR amplification round,
using the B set of primers. Amplification reactions for both
set of primers were performed following one cycle consist-
ing of 94◦C for 5 min, 59◦C for 50 s and 72◦C for 3 min,
30 cycles of 94◦C for 30 s, 59◦C for 50 s and 72◦C for 3 min,
and finally one cycle at 72◦C for 5 min. A small portion
of the amplified cDNA was checked on a 1.8% agarose gel.
The cDNA PCR products were further subcloned into the
EcoRV site of a T-tailed version of the pBluescript KS (+/−)
plasmid vector. A series of control experiments were per-
formed in order to characterize the selected cDNA clones
and document the enrichment of control cDNAs (Table 1).
Furthermore, additional slot blot hybridizations indepen-
dently confirmed the localization of the selected cDNAs to
the YACs from which they were derived (Fig. 1a). Some of
the selected cDNA clones were found to represent prod-
ucts of single copy genes in the human genome (Fig. 1b),
and potential transcriptional units which code for prod-
ucts with yet unidentified function. Usually, a large num-
ber of ribosomal clones (∼50%) would be selected follow-
ing the conventional methods (Ref. 1, 11). To evaluate the
yield of our method, we performed a hybridization using
ribosomal R5.8 DNA as a probe (Ref. 12), which identified
ribosomal-specific clones in about only 9% of cDNA clones.
Furthermore, by using all the available probes for assigned
genes from the specific region contained within the YAC
5 (i.e. interleukin-3, granulocyte-macrophage colony stim-
ulating factor, GM-CSF) as documented by Genebank, and
employing the above approach, we identified 12% of the
total cDNA clones as representing novel genes.
In summary, this method represents a simplified and in-
expensive procedure (i.e. no requirement for spheroplasting
FIGURE 1. Analysis of the selected cDNA clones following elution,
further amplification by PCR and confirmation of their localization to
the original YACs used as templates. For all slots, 100 ng of DNA were
immobilized onto a Hybond N+ membrane, hybridized in accordance
with the manufacturer’s instructions. (a) Slot blot hybridization of
selected cDNA clones and other control DNAs. The cDNA clone 5-1
was used as a probe, following radiolabelling with a random priming
method. 1B, positive control, DNA from YAC 5 (YAC 5 was used as a
template for cDNA selection); 2B, DNA from YAC 4 [part of a contig
containing the cluster of interleukin-3 and granulocyte-macrophage
colony stimulating factor (GM-CSF) genes]; 3B, DNA from YAC 6 (part
of a contig overlapping with YAC 5); 4B, DNA from the cDNA library
HL1058b, before the selection; 5A, DNA after the second step of
selection; 5B, DNA after the first step of cDNA selection; 6B, negative
control [YAC DNA clone 11-12.16H2, derived from chromosome
10q11.2 region (Ref. 9)]; 7B, DNA from YAC AM2 (part of a contig
overlapping with YAC 5). Further experiments employing PCR assays on
YAC 5 DNA, using primers designed for cDNA clones of interleukin-3
and GM-CSF genes, established the origin of the eluted clones (data not
shown). (b) Confirmatory Southern blot analysis on genomic DNAs,
following digestion with EcoRI and transfer onto a Hybond N+
membrane. Selected cDNA clone 7 was used as a probe, radiolabelled
by a random priming method. Lane 1, DNA from the hybrid cell line
HHW105 (Ref. 10), which contains one full copy of the human
chromosome 5 as the only human genomic DNA; Lane 2, DNA from
normal human diploid genomic DNA.
enzyme and for the use of multiple DNAs as competitors)
that can easily be utilized for transcriptional studies.
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Table 1. Estimation of the enrichment of the cDNA clones using YAC
DNA derived from the modified procedure
Clone Startinga (%) Primaryb (%) Secondaryb (%) Enrichment (fold)
5-1 0.004 2 5.0 1250
7 0.008 1 1.3 162
aThe frequency values of the starting cDNA library refer to the percentage of the positive
hybridizing clones per 000 plaques of the plated library.
bFrequency values of the primary, secondary rounds of selection refer to the percentage of
positive hybridizing colonies, representing cDNA clones subcloned into the pBluescript
plasmid, following each round of PCR amplification of the cDNA clones per 1000
transformed colonies.
providing facilities for the synthesis of primers. This study
was supported by a Grant of the Human Genome Analysis
Program of the EuropeanUnion (No. ERBGENE-CT 930070)
to N.P.A.
References
1 Parimoo, S., Patanjali, S., Shukla, H., Chaplin, D. and Weissman, S.
(1991) Proc. Natl. Acad. Sci. U. S. A. 88, 9623–9627.
2 Lovett, M., Kere, J. and Hinton, L.M. (1991) Proc. Natl. Acad. Sci. U. S. A.
88, 8628–8632.
3 Forster, A. and Rabbitts, T.H. (1993) Oncogene 8, 3157–3160.
4 Morgan, J.C., Dolganov, M., Robbins, S., Hinton, L. and Lovett, M.
(1992) Nucleic Acids Res. 20, 5173–5179.
5 Green, E.D. and Olson, M.V. (1990) Proc. Natl. Acad. Sci. U. S. A. 87,
1213–1217.
6 Bollet, C., Gevaundan, M.J., Lamballerie, X., Zandotti, C. and Micco, P.
(1991) Nucleic Acids Res. 19, 1955.
7 Vetrie, D. et al. (1993) Nature 361, 226–233.
8 Che´rif-Zahar, B. et al. (1990) Proc. Natl. Acad. Sci. U. S. A. 87, 6243–6247.
9 Deloukas, P., Dauwerse, J.G., Moschonas, N.K., Ommen, G.J.B. and
Loon, A.P.G.M. (1993) Genomics 17, 676–681.
10 Dana, S. and Wasmuth, J. (1982) Somat. Cell Genet. 8, 245–264.
11 Baens, M., Aerssens, J., Zand, K., Berghe, H. and Marynen, P. (1995)
Genomics 29, 44–52.
12 Gonzalez, I.L. et al. (1985) Proc. Natl. Acad. Sci. U. S. A. 82, 7666–7670.
Products Used
HybondN+ nylonmembrane: HybondN+nylon
membrane from Amersham Pharmacia Biotech
Hybond N: Hybond N from Amersham Pharmacia
Biotech
nylon membrane: nylon membrane from Amer-
sham Pharmacia Biotech
Stratalinker: Stratalinker from Stratagene
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